Introduction {#sec1-1}
============

Cardiovascular diseases) CVDs) are among the main causes of death around the world.\[[@ref1]\] There are multiple risk factors for the development of CVDs such as chronic inflammation. This condition has an important role in the pathogenesis of many other diseases such as diabetes, atherosclerosis, and metabolic syndrome.\[[@ref2][@ref3][@ref4]\]

High-sensitivity C-reactive protein (hs-CPR), a fundamental biomarker for inflammation status and an acute phase reactant protein, is synthesized in the liver,\[[@ref2][@ref5]\] and increases in numerous CVDs such as acute ischemia and myocardial infarction.\[[@ref6][@ref7][@ref8]\] According to several published studies, the elevated serum level of hs-CRP can predict the future risk of CVDs.\[[@ref9][@ref10][@ref11]\]

Coenzyme Q10 (ubiquinone), a fat-soluble quinone, has an essential role in the cellular mitochondrial respiratory chain for the synthesis of adenosine triphosphate (ATP).\[[@ref12][@ref13]\] Organs such as brain, liver, heart, kidney, and skeletal muscle consume high energy, thus requiring a large amount of this cofactor to synthesize ATP. Ubiquinone does an antioxidant activity that protects lipid in biological membranes from oxidative stress.\[[@ref14][@ref15]\] The relationship between coenzyme Q10 (CoQ10) and inflammation in animal\[[@ref16][@ref17]\] and cell\[[@ref18][@ref19]\] models has been reported in various studies. Although multiple studies have demonstrated a beneficial effect of CoQ10 on inflammatory biomarkers in different groups of participants,\[[@ref20]\] the results of studies on patients with CVDs are contradictory. For example, Zhao *et al*. showed that a 30 mg/day CoQ10 supplementation for 6 months significantly decreased the serum level of hs-CRP in the intervention group.\[[@ref21]\] In contrast, Pourmoghaddas *et al*. showed that a 200 mg/day CoQ10 supplementation for 4 months had no significant effect on the serum level of hs-CRP in the intervention group.\[[@ref22]\] Thus, to better understand the potential effect of CoQ10 supplementation on the level of hs-CRP serum in patients with CVDs, we conducted a systematic review and meta-analysis of the published RCTs.

Materials and Methods {#sec1-2}
=====================

Search strategy and selection criteria {#sec2-1}
--------------------------------------

We conducted a comprehensive search on the EMBASE, MEDLINE, and PubMed Central databases through Scopus and PubMed for published papers up to November 2016. The used keywords were relevant to the objectives of the study. The search strategy is presented in Supplementary [Table 1](#T1){ref-type="table"}. A manual search was carried out on the Google scholar search engine and the references were cited in appropriate systematic reviews. The search in PubMed was restricted to humans and the English language, and for Scopus, it was restricted to article, medicine, humans, and the English language. We examined the titles and abstracts of the obtained studies. Finally, the full texts of selected studies were investigated according to the inclusion/exclusion criteria.
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Eligibility criteria {#sec2-2}
--------------------

Studies were included in this meta-analysis if they had the following criteria: (1) the study design was randomized clinical trial (RCT), (2) the intervention was CoQ10 supplementation, (3) the proper outcome was plasma or serum hs-CRP level, (4) the participants were CVD patients.

Studies were excluded if they were (1) Observational studies, (2) review articles, (3) combined CoQ10 supplementation with multivitamins, minerals and carnitine, (4) done without CoQ10 supplementation, (5) duplicate publications, (6) repeated studies (the conclusions of trials were reported in more than one article), and (7) surveys which were conducted on cell and animals.

Quality assessment {#sec2-3}
------------------

The validated Jadad scale form was used to appraise the methodological quality of included RCTs. The questions of this scoring form contain five parts: randomization, details of randomization scheme, level of blinding, reporting of blinding method, and dropouts and withdrawals in the intervention and placebo groups. Each question in the form gets zero or one point. The total score is obtained from the sum of points of all questions. Studies with 0--2 points had low and studies with 3--5 points had high quality.\[[@ref23][@ref24]\]

Data extraction and statistical analysis {#sec2-4}
----------------------------------------

Two authors (ZA and SF) independently extracted and coded all the data, and disagreements were resolved by consensus and the third author (SS). We extracted the mean and standard deviation levels of hs-CRP at the baseline and end of trial for both intervention and placebo groups. Furthermore, the characteristics of the selected studies included the name of the first author of the study, year of publication, name of journal, the country in which the study was done, the number of individuals in the intervention and placebo groups, type of intervention, type of blinding, dose of supplement, and duration of intervention. The characteristics of participants including sex, mean of age, and mean of body mass index were also collected. We assessed the heterogeneity among the studies using the *I*^2^ test that determines the between-study variance and demonstrates whether the observed inconsistency among studies is real or by chance.\[[@ref25][@ref26][@ref27]\] There was between-study heterogeneity if *I*^2^\>50%. The predefined subgroup analyses were applied to recognize the source of heterogeneity. If heterogeneity was significant, a random-effects model (the DerSimonian--Laird estimator) was used to calculate the pooled mean difference (MD). All statistical analyses were performed using Stata software, version 12(Stata Corp, College Station, Texas, USA) and *P* \< 0.05 was considered as significant.

Results {#sec1-3}
=======

Search results and study selection {#sec2-5}
----------------------------------

The flow diagram of the study is shown in [Figure 1](#F1){ref-type="fig"}. We retrieved 205 studies in the initial search through the PubMed, Scopus database, and manual search. One hundred and fifty-three records remained after excluding duplicates. Of these, 148 records were removed because they did not satisfy our inclusion criteria. Finally, full-texts of five studies were assessed for eligibility and included in the meta-analysis.\[[@ref20][@ref21][@ref22][@ref28][@ref29]\] There were two intervention groups in one of the selected studies, so we considered it as two separate studies in the analysis.\[[@ref20]\]

![Flow diagram of included trials](IJPVM-9-82-g002){#F1}

Characteristics of the included studies {#sec2-6}
---------------------------------------

The characteristics of the included studies are reported in [Table 1](#T1){ref-type="table"}. The studies were published between 2011 and 2015. Of the five studies, two were carried out in Taiwan,\[[@ref20][@ref29]\] two trials were performed in China,\[[@ref21][@ref28]\] and one study was done in Iran.\[[@ref22]\] All trials had parallel, placebo-controlled designs. Three studies were double-blind,\[[@ref21][@ref22][@ref28]\] blinding of one of the trials was single,\[[@ref29]\] and the other study did not mention blinding.\[[@ref20]\] One study was conducted on patients with ischemic left ventricular systolic dysfunction,\[[@ref28]\] two surveys were done on coronary artery disease (CAD) patients,\[[@ref20][@ref29]\] and another two studies were carried out on patients with heart failure (HF).\[[@ref21][@ref22]\] Duration of intervention in the studies was from 8 to 24 weeks with a median of 12 weeks. The sample size of trials ranged from 40 to 102 participants, and the total sample size of the studies was 302. For the participants of the intervention groups, the mean of age varied from 50.7 to 79.2 years, and in the control groups, it varied from 54.4 to 77.2 years. The daily dosage of supplementation differed from 30 mg/day to 300 mg/day with the median of 175 mg/day. The baseline serum level of hs-CRP in the intervention groups was in the range of 1.2--4.2 mg/L and in the control groups was in the range of 0.8--4.6 mg/L. Based on the Jadad scale, four trials were graded ≥3\[[@ref21][@ref22][@ref28][@ref29]\] and only one trial was graded 2.\[[@ref20]\]

Meta-analysis {#sec2-7}
-------------

The effect of CoQ10 on the serum hs-CRP level is depicted in [Figure 2](#F2){ref-type="fig"}. The random-effects model (the DerSimonian--Laird method) was used to estimate the pooled MD of the serum of hs-CRP level because there was significant heterogeneity between the studies (test for heterogeneity: P=0.000 and *I*^2^= 86.1%). The random-effects model demonstrated that the CoQ10 supplementation had no significant effect on the level of hs-CRP serum (MD: 0.120; 95% = −0.944, 1.185; *P* = 0.825).

![Effect of CoQ10 supplementation on the serum of hs-CRP level in cardiovascular patients](IJPVM-9-82-g003){#F2}

Subgroup analyses {#sec2-8}
-----------------

The subgroup analyses were made based on some predefined criteria. The results of the subgroup analyses, presented in [Table 2](#T2){ref-type="table"}, show that the baseline serum hs-CRP, the quality assessment score, and the duration of trial were the sources of heterogeneity. The serum hs-CRP level decreased significantly in patients with the baseline hs-CRP level \>3 mg/L (−1.31 (95% CI = −1.96, −0.67)). The supplementation with dose \>150 mg/day caused a greater reduction in the serum level of hs-CRP \[−0.29 (95% CI = −1.24, 1.82)\] compared to the supplementation with dose ≤150 mg/day \[−0.05 (95% CI = −1.67, 1.56)\]. Furthermore, the level of hs-CRP serum reduced significantly when the duration of trial was \>12 weeks \]−1.31 (95% CI = −1.96, −0.67)\].
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Discussion {#sec1-4}
==========

To our knowledge, this is the first meta-analysis study that investigated the effect of CoQ10 supplementation on the serum level of hs-CRP in patients with CVDs. The results of this meta-analysis demonstrated that supplementation with CoQ10 had beneficial effects on those who consumed CoQ10 for more than 12 weeks and with the baseline level of hs-CRP greater than 3 mg/L.

In the pathogenesis of CVDs, inflammation plays a key role.\[[@ref30][@ref31]\] The serum level of hs-CRP cytokine increases in inflammatory conditions\[[@ref5]\] and is related to developing CVDs.\[[@ref32]\] In addition, CoQ10 influences inflammatory factors such as cytokines, so it can be useful for treating CVDs.\[[@ref33][@ref34]\] Furthermore, Schmelzer *et al*. indicated that the anti-inflammation effect of ubiquinone could be attributed to the reduction of nuclear factor-κB (NF-κB) dependent gene expression. NF-κB can increase pro-inflammatory cytokines expression. However, antioxidants such as CoQ10 can reduce the activity of this nuclear factor\[[@ref35][@ref36][@ref37]\] and in turn decrease the risk of CVDs.

The pooled effect of all studies showed a nonsignificant mean difference for the serum level of hs-CRP in patients with CVDs. Consistent with this study, Lee *et al*. reported that supplementation with CoQ10 has no significant effect on the serum level of hs-CRP in patients with CVDs.\[[@ref29]\] The absence of any significant association could be due to the short duration of the intervention and the insufficient number of individuals with high hs-CRP. Several studies performed on population with CVD showed that there was no significant difference in the serum level of hs-CRP between the intervention and placebo groups.\[[@ref20][@ref22][@ref28]\] In line with these studies, Lee *et al*. demonstrated that a 300 mg/day CoQ10 supplementation for 12 weeks did not significantly decrease the serum level of interleukin-6 (IL-6) in patients with CVDs.\[[@ref29]\] In another study, Zhao *et al*. found that ubiquinone supplementation can cause a significant reduction in the serum level of hs-CRP in heart failure patients. This change was also seen in the placebo group. In this study, the serum levels of IL-6 and tumor necrosis factor alpha (TNF-α) significantly decreased in the intervention and control groups.\[[@ref21]\] It appears that supplementation with CoQ10 for a period of 24 weeks has been shown to have the best anti-inflammatory effect compared with other durations. Alehagen *et al*. also demonstrated that combined selenium and CoQ10 supplementation can reduce the serum level of hs-CRP in elderly individuals.\[[@ref38]\] Consistent with this study, Lee *et al*. showed that that ubiquinone supplementation with the dose of 300 mg/day significantly decreased the serum level of TNF-α.\[[@ref28]\]

This meta-analysis showed that there was a greater reduction in the serum level of hs-CRP in patients with supplementation more than 12 weeks. Zhao *et al*. found a noticeable reduction in the serum level of hs-CRP in the intervention group.\[[@ref21]\] The intervention duration in the studies may be well enough to affect this inflammatory factor.

Strengths {#sec2-9}
---------

The current research has some advantages. First, this is the first meta-analysis that surveyed the effect of CoQ10 supplementation on the serum level of hs-CRP in patients with CVDs. Second, a comprehensive and up-to-date search was performed. Therefore, all randomized trials were included in the study. Third, most studies included in the meta-analysis had high quality, so the results of the present study are assumed to be reliable. Fourth, the study indicated the CoQ10 supplementation may be useful for some patients with CVDs, especially those who receive this supplement for more than 12 weeks and with the baseline hs-CRP level of \>3 mg/L.

Limitations {#sec2-10}
-----------

This meta-analysis study had certain limitations. First, the number of RCTs included in the analysis was not large and their sample size was also small. Second, the final amount of the serum level of hs-CRP in the intervention group after 12 months was not reported in one of the studies. Third, information about foods containing ubiquinone and the interaction of this supplement with nutrients and cardiovascular drugs was limited. These possible confounders can impact on the obtained results of the current study. Fourth, there was heterogeneity between the studies included in this meta-analysis, and the effect of this condition was minimized by applying a random-effects model and conducting subgroup analyses. Fifth, the dosages of used CoQ10 in some of the included studies might not be adequate enough to modify the serum level of hs-CRP significantly. Six, studies included in this meta-analysis included patients with various cardiovascular diseases (i.e., ischemic left ventricular systolic dysfunction, CAD, HF). This difference among diseases may affect their hs-CRP level and the association between CoQ10 supplementation and inflammatory state.

Conclusions {#sec1-5}
===========

In conclusion, this systematic review and meta-analysis revealed that CoQ10 supplementation is effective and useful for CVD patients who take this supplement for more than 12 weeks and with the baseline serum levels of hs-CRP of greater than 3 mg/L.
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